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and desmethyltamoxifen or a pharmaceutically acceptable non-toxic salt thereof, said complex being present either in an aqueous 
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Drug formulations for parenteral use 

This invention relates to drug formulations of antiestrogens, 
/If particularly antiestrogens comprising a triphenylbutene moiety, 

for use in peirenteral administration. 

'if 

Toremifene, desmethyl toremifene, desmethyl tamoxifen and 
tamoxifen are all examples of substituted triphenylbutenes 
useful in cancer therapy. Reference is made to US 4696949, 
us 4990538 and us 4356516. They can all be described with 
the formula 




R2 



in which K^. is CH3 or H and R2 is H or CI. 

The compounds mentioned above have the following values of 



Rl and R2/ 

Rl R2 

toremifene CH3 CI 

desmethyl toremifene H CI 

tamoxifen CH3 H 

desmethyl tamoxifen H H 



A coxmaort feature of these antiestrogens is their poor 
soltibility in water. Thus, parenteral administration of these 
drugs CEinnot be accomplished simply by an aqueous solution 
of the active ingredients. 

There is a clear need for parenteral formulations of the 
anticancer antiestrogens. Injectable high-concentration 
toremifene formulations will have important clinical benefit 

1) in the attempts to reach high concentrations in tissue. 
This is necessary especially when combinations of 
toremifene with cytotoxic drugs are given to a 
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patient. As shown by DeGregorio et al (J Clinical 
Oncology, vol 7, No 9,1989: 1359 - 1364,) high plasma 
concentrations are more effective in reversing multidrug 
resistcince than low concentrations. An injectable 
formulation enables high peak concentrations in blood 
and tissues without exposing the patient to long-term 
treatment ; 

2) when gxven locally into a tumor- This enables a high and 
efficacibxis concentration in the tumor to be achieved; 

3) when used topically in a benign estrogen-dependent 
lesion IDce cystic mastalgia, where toremifene can be 
injected directly into a painful cyst; 

4> when spreading toremifene topically onto palpable and 
subcutaneous breast cancer metastases; 

5) when an intravesical installation is given for the therapy 
of superficial bladder cancer. In this indication 
toremifene may well be used together with other 
anticancer drugs to enhance their efficacy; 

6} when an intraperitoneal solution is given for the 
treatment of certain types of overian cancer; 

7) when other topical, estrogen-dependent lesions are 
treated with an cmtiestrogen. 

The parenteral drug formulations according to this invention * 
include emulsions, aqueous solutions of cyclodextrin - drug 
con^lexes and liposomes. 

Dissolution properties of drugs can be significantly improved 
by complexation of the drug substance with cyclodextrins . 
Cyclodextrins (including a, P and r cyclodextrins and their 
derivatives) are all cyclic oligomers of glucose. The 
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cyclodextrins can form inclusion complexes with drugs in that 
the dmig molecule is included in the lipophile-seeking cavities 
of the cyclodextrin molecule. Therefore the cyclodextrins 
effectively solubilize lipophilic drugs into aqueous media. The 
uise of cyclodextrins in the pharmaceutical field has been 
described e.g. in Drug Development and Industrial Pharmacy, 
17{11), 1503-1549, 1991, 

With respect to the antiestrogens mentioned above, however, no 
parenteral drug formulations based on complexation of _the 
active drug substance with 2-hydroxypropyl cyclodextrins are 
known in the art. One object of this invention is a parenteral 
formulation based on a 2-hydroxypropyl cyclodextrin, preferably 
2-hydroxypropyl P-cyclodextrin or 2-hydroxypropyl-r- 
cyclodextrin, complex including an active drug substance 
selected from the group consisting of toremifene, 
desmethyltoremifene, tamoxifen and desmethyltamoxifen or a 
pharraaceutically acceptable non-toxic salt thereof, said 
complex being present in an aqueous solution. 

Emulsions of the emtiestrogens mentioned above can be made by 
dispersing the drug or a .cylodextrin complex of said drug 
into a phannaceutically acceptable emulsifier, and optionally 
adding a stabilizing agent. 

Parenteral administration of the drugs mentioned above may also 
be. accomplished by aqueous solutions of liposomes containing 
said, drug or a salt thereof. Liposomes are spherical particles 
in an aqueous medium, formed by a lipid bilayer enclosing an 
, aqueous compartment. The lipid surface may be either 
unilamellar or multilamellar. The liposomes may be loaded 
with either hydrophobic or hydrophilic drug substances. 

Another object of the invention is a parenteral formulation 
based on the drug substance as such loaded into liposomes. 
Such liposomes can be made by dissolving the drug or drug- 
cyclodextrin. complex together with a phospholipid component, 
preferably DMPG. (dimyristoylphosphatidylglycerol ) and/or POPC 



wo ^711757 



4 



PCr/n92/00339 



(= l-palniitoyl-2-oleoyl-sn.-glyc6ro-3-phosphorylcholine},- in a 
chloroform - methanol mixture, evaporating the solvent 
dissolving the residue into water followed by homogenization . 
According to this invention liposomes can be made directly by 
dissolving the drug or the drug-cyclodextrin complex and 
phospholipid component directly in water without foregoing 
dissolving into chloroform - methanol mixture. 

Another object of this invention is a parenteral formulation 
based on a 2-hydroxypropyl cyclodextrin/ preferably 2- 
hydroxypropyl ^-cyclodextrin or 2-hydroxypix>pyl r-cyclodextrin, 
complex including axi active drug substance selected from the 
group consisting of toremifene, desmethyl toreiaifene, tamoxifen 
emd desmethyltamoxif en or a pharmaceutically acceptable non- 
toxic salt thereof, said complex being loaded into a liposome. 

Prepairation of the antiestroaen-2-hvdroxvDropvl cvclodextrin 
complexes ; 

A weighed amount of 2-hydroxypropyl cyclodextrin was dissolved 
. into distilled water by shaking with a shaker . The so formed 
clear solution was equilibrated with a large excess of 
antiestrogen at the boiling point. After removing the almost 
clear solution the excess of antiestrogen started to 
precipitate. The solution was kept overnight at room 
temperature and the excess of precipitated antiestrogen was 
removed by centrif ugation - 

Measurement by HPLC of the solubility of the anti-estrogen in 
an aqueous solution of 2-hydroxypropyl cyclodextrin* 

The fully automated HPLC apparatus. (Hewlett-Packard, USA) 
consisted of a pump 1090, an autosampler and autoinjector 
(79847A) with an injection volume of 10 ul and a fixed 
wavelength UV detector, 280 nm (79881A). The chromatograms 
and peak areas were recorded with an integrator 3393. The 
separations were carried out at room temperature on a 35 * 
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4.6 nun stainless steel column (packed with 3-pra spherical 
octadecylsilanebonded silica particles; HS- 3 C-18, (Perkin- 
Elmer, USA) 

■The mobile phase consisted of a mixture of acetonitrile : 
0.0.5 M aqueous phosphate buffer containing 0.004 M of 
dimethyloctyl amine with a pH of 7.4- The flow rate was 0.8 
ml/min . 

Preparation of the liposomes; 

1) Liposomes based on cyclpdextrin - drug complexes and 
prepared by dissolving the components in an organic solution 

2-hydroxypropyl-./5-cyclodextrin (12 mg), POPC (32 mg), choleste- 
rol (4 mg), DMPG ( dirayristoylphosphatidylglycerol ) (8 mg) and 
toremxfene citrate. (2 mg) were dissolved in choloroform - met- 
hanol (2:1) and evaporated. The residue was dissolved in water 
and homogenized by sonication (Labsonic D, 50 W) . The stability 
of the solution was good; no turbidity was observed after one 
month in - room temperature . 

2) Liposomes based on cyclodextrin - drug complexes and 
prepared by dissolving and homogenizing components directly 
in water 

2-hydroxyprOpyl-p-cyclodextrin (24 mg), DMPG (dimyristo- 
ylphosphatidylglycerol) (16 mg) and toreraifene citrate (2 mg) 
were simultaneously dissolved in 2 ml water and homogenized by 
sonication (Labsonic U, 50 W) . The final solution was as clear 
as the solution above. The mean particle diameter of these two 
solutions were about 100 nm (Nicomp .370/HPL high power laser 
option).. The solution was stable after one week storage at room 
temperature. 



3) Liposomes which were not based on cyclodextrin complexes 
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Preparation of these solutions was attempted by dissolving 

the components directly into water. The only composition n 

which gave a clear or slightly opalescent solution was DMPG 

(16 or 32 mg) , toremifene citrate (2 mg) dissolved and » 

homogenized by sonication (50 W) in 2 ml water. The 

stcibility of the solutions were not however good enough; 

solutions became a bit turbid in one month storage at room 

temperature, e.g., the* composition toremifene citrate (2 

mg) , DMPG (32 mg) and cholesterol (4 mg) was not able to 

dissolve and homogenized in 2 ml water. 

These results indicate that stable liposomes cannot be 
acliieved in the absence of a cyclodextrin component 
especially if the drug and phosphiolipid are mixed directly 
into water. 

However, cyclodextrin-free liposomes can be made by mixing 
the ingredients first in chloroform/ ethanol (2:1) as 
described above for the. cyclodextrin-containing liposomes. 
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Solubility results 

Fpxmulation Toremif ene , solubility 

mq of toremifene 

ml of cyclodextrin-water soln. 

500 mg. P-HPC/ml of aqueous soln, 87.7 

250 " 53.0 

125 « 21.7 

63 " 14.1 

25 " 7.4 

0 - 0.3 

P-HPC = 2"hydroxypropyl-p-cyclodextrin 

500 mg r-HPC/ml of aqueous soln. 125.4 
250 



61.1 



125 - 36.3 

r-HPC - 2-hydroxypropyl-r-cyclcdextrin 

Tamoxifen solubility 
mg of tamoxifen 



ml of cyclodextrin-water soln. 

500 mg p-HPC/ml of aqueous soln, 67.4 
250 « 43.3 

125. « 23.5 

" 13-3 
25 " 6.1 

^> " < 1.0 



Desmethyl toremifene solubility 

mq of desmethvl toremifene . 
ml of cyclodextrin-water soln. 

125 mg P-HPC/ml of aqueous soln. 21.0 



The pharmacokinetics of the toremifene formulations, described 
above, when give intravenously, resemble closely those of 
peroraliy given toremifene. However, during the first minutes 
and 1-2 hours the concentrations of the intravenously given 
drug are high, while the drug, when given per os, has not yet 
been absorbed completely from the gastrointestinal tract. 
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Prepara tiion of pjmilaiong: 

Emulsions prepared by dissolving the drug in a commercial 
fat. emulsion. 

Tlie commercial fat emulsion used was Emulsan® 20 % 
(manufacturer Leiras-Kabi- Infusion Ltd. , Finland) . Different 
amounts of toremifene citrate were dissolved in Emulsan 
solxition and homogenized by sonication (Labsonic tJ/ 50 W) . 
The toremifene concentrations were 10 mg/ml, 14 mg/ml and 20 
mg/ml. after the homogenization the sauries were filtered 
through the 0.2 pm, 0.45 pm and 1.2 Jim filters. 

The concentration of toremifene was determined from the 
filtrate with a spectrofotometric method using the wave 
length of 278 nm. The samples were dissolved in methanol and 
diluted in the concentration of 0.02 mg/ml. 



The resTilts are presented in the following table: 



1 Concentration 
before filtration 
j [mg/ml] 


Size of 
the filter 


Concentration 
after filtration 
[mg/ml] 


10 


0,2 

0.45 

1.2 


4.4 
4.0 
4.4 




0.45 
1.2 


4.3 
3.7 


20 


0.45 
1.2 


3.6 
3.6 



The results show that the solubility of toremifene can be 
increased considerably by encapsulating the toremifene in an 
emulsion droplet. * 
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Claiius 



.1. A parenteral drug preparation in the form of an 

emulsion or liposome of an active drug substance 
selected from the group consisting of toremifene, 
desmethyl toremifene, tamoxifen and de sme thy 1 tamoxifen 
or a pharmaceutically acceptable non-toxic salt 
thereof. 

2« A preparation according to claim 1 where the drug is 

toremifene or its non-toxic, pharmaceutically 
acceptable salt. 

^* A parenteral drug formulation comprising an aqueous 

solution of a complex which comprises a 2-hydroxypropyl 
cyclodextrin component and an active drug component in 
which the active drug is selected from the group 
consisting of toremifene, desmethyl toremifene, 
tamoxifen and desmethyl tamoxifen or a pharmaceutically 
acceptable non-toxic salt thereof. 



4- A formulation according to claim 3 where the 2- 

hydroxypropyl cyclodextrin component is 2- 
hydroxypropyl-p-cyclodextrin . 

5^ A formulation according to claim 3 where the 2- 

hydroxypropyl cyclodextrin component is 2- 
hydroxypropyl-r-cyclodextrin - 

^» A formulation according to claim 3 to 5 where the 

^ drug is toremifene or its non-toxic 

pharmaceutically acceptable salt. 

A. parental drug formulation comprising an emulsion or 
liposome comprising a complex which comprises a 
2-hydroxypropyl cyclodextrin component and an active 
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. drug component in which the active drug is selected from 
the group consisting of toremifene, desinethyl 
toremifene, tamoxifen and desmethyltamoxifen or a 
pharmaceutically acceptcible non-toxic salt thereof. 

8.. A formulation according to claim 7 where the 2- 

hydroxypropyi cyclodextrin component is 2- 
hydroxypropyl-A^cyclodextrin • 

9, A formulation according to claim 7 or 8 where the 
drug is toremifene or its non-toxic 
pharmaceuticailly acceptable salt- 

10. A method of treatment of an estrogen-rdependent 
tumor in a mammal comprising administering 
parenteral ly to said mammal an amount of a 
formulation as claimed in claim 1 siif f icient to 
produce the desired effect. 



11. A method of treatment of an estrogen-dependent 
tumor in a mammal comprising administering 
parenterally to said mammal an amount of a 
formulation as claimed in claim 3 sufficient to 
produce the desired effect. 

12. A method of treatment of an estrogen-dependent 
tumor in a mammal comprising administering 
parenterally to said mammal an amount of a 
formulation as claimed in claim 6 sufficient to 
produce the desired effect- 



INTERNATIONAL SEARCH REPORT 

UcunulomX Ajplkrfoo No 



PCT/FI 92/00339 



LCLASSmCATION OF SUBJECT MATTER Of «mal Hanlfirattmi synbcb «ppty, laflcait tU)* 


AccDrilflf to bmortlflail Piiat Gaftiflfiftni qPQ or to both Nifliail Q 

Int.CK 5 A61K31/135; A61K47/48; 


aniflotlfl* aad IPC 

A61K9/127: A61K9/107 


n* FIELDS SEASQIED 


Minim cn Docaii«BtaIlaa Sards dC 


CtagfflcrtfoB System- 


QasfiSeatlsD SjaboU 


Int.Cl 


. 5 


A61K 


to th* Exttst that sscfa Doaimcfits art Iids<c4 In tb« FleUf Seaxcbei' 




nLDOCUMEinS CONSIDERED TO BE RELEVANT* 


Otcspiy* 


atstloBof Dc 


icsnatiU with tndifirtrm, wfago aypiapria 


ta, Of tb« rdcnat pasngcs^ 


Rdraat to Oaia Now^ 


P.X 
X 


CHEMICAL ABSTRACTS, vol. 116, no. 16, 

20 April 1992, Columbus, Ohio, US; 

abstract no. 158718p, 

T. LORSSON ET AL. » solubilization and 

stabilization of drugs through 

cyclodextrin complexation' 

page 442 ; column 1 ; 

& ACTA PHARM. NORD. 

vol. 1991, no. 3,4, 

pages 215 - 217 


1-6, 
10-12 

1-6, 
10-12 












* Spcdal cativaries of dtctf doc 

'A'- docBsat icflaingiho 
coosUmd to b« of unca 


offlditt t 

Etal stato of tha art whkfa ts Mt 
^nlcvuea 


'T* Utcf docamcnt pablhfacd afUr iba ItttcnatloBal fillBg data 
cr priniiy data and not In conflict witk tfaa antilcatifla bat 
dtad to oadatstaad tba piindpla or tkosiy niucdjing tht 
btvtttloa 


f tasBm iocarMBtto pirhHihwl oa or after tfao tatwiatlottai 

'L' <oauatat wUdi mxj tbrtm toobts oa pricrtty diim(f) or 
wUch ts dtti to ostahUsh th« pnUicattoa data of aMthtf 
dtaliaa or otb« sp«dal rcuoa (ts sycdficd) 

*0' ^raMStrcfaningtoia onldbdacat, Ds^etfalUtlaaar 

docmacstpnhUilicdriiortothalatCTBatlottalfiUBgdaiabQt 
Ut« tbia tho piioiiiy dat« dalacd 


IT docBOMBt of paitleular reloruec; tbo cUtiaad laratioa 
anoot b« coaddcrad novel or want b« coaxidajcd ta 
Inraln aa lawottro stay 

^Y* doasBst of partiaiUr rdovuci; tht dalmad lavcatioa 
anaet b« cnnrlderad ta lavoiv* aa Invtodra stey wfcaa tha 
docamcnt If oomUatd uttb oat or aoro othtf such doc» 
Bents, such caaihiaatioa bdng obvlaas to a posoa skUl«d 
bib* art 

'A* doesacBt Bcnbcr ad tha tKM pataat ftmUjr 


IV. CERIinCATION 


Data of th« J 


L£t8il Conplctiait^ of tbc InifT^*f"aa| Stfirdb 


Dalo of Mafllng of tUi iTiffmitfnnil Search Rcpoit 




12 MARCH 1993 






latiastioaal Scucbtaig Aaihority 




Signatsa of Aithoilzed OfBcar 






EUROPEAN PATENT OITICE 


BENZ K.F. 





fin PCT/ISAyZtO <MCMd ikiit) TTmiu IMS) 



Istratloatl .ApfiUatlOD N» 



PCT/FI 92/00339 



JOURNAL OF CHROMATOGRAPHY, BIOMEDICAL 
APPLICATIONS 

•vol. 414, no. 1, 20 February 1987, 
AMSTERDAM (HL). 

pages 192 - 196 . - ^ 
R.D; ARM3TR0K8 ET AL. 'separation of 
taKoxifen geometric isomers and 
raetaboTites by bonded-phase ■ 
beta-cyclodextrin chromatography 
see the whole document 

W0,A,9 117 749 (BAYLOR COLLEGE OF 

MEDICINE) 

28 November 1991 

see page 1, line 5 - line 10 , 
see. page 39, line 25 - page 41, 11ne-3 

FEBS LETTERS ' V'*'- ' 

vol. 274, no. 1,2, November 1990, * . 

AMSTERDAM (NL) / ; 

pages 107 - 110 ^ 

H. tflSO'IAM ET AL. 'mechanism of inhibition 

of lipid peroxidation by tamoxifen and 

4-hydroxytamoxifen introduced into 

Tiposoraes* 

see the yhol^ document - • 

DE,A,3 331 459 (FINK ET AL.)' 
1 March 1984 
see claim, 1 

EP.,A.O 355 604 (LEDERLE (JAPAN) ET AL-) 
28 February 1990 . 
see claims 1-20 

FR,A.2 502 951 (SANDOZ SA) , -. . - / 
8 October 1982 

see page 24; claim 2 . .. 
see page 28, line 2 - line 3 

W0,A,9 006 106 (PATRINOVE) - ^ - - . 
14 June 1990 i • / * • ' 

see page 3, line 24 - line 36 . 



1-2, 
10-12 



1-6, 
10-12 



1.2 



7-9 
1,2 

1|2 
i»2 

7-9 



INTiEllNATIONAL SEARCH REPORT 



International application No. 

PCT/n 92/00339 



Box I Obscnralions where certain cUtms were founii unsearchable (ContinuatioD of item I of first sheet) 



This Intematioinl search report has not been cstafaEshed in respea of certain daims under Article n(2)(&} for the following reasons 

1, [X] Claims Noa:: 

because they relate to subjea matter not required to be searched by this Authority, namely: 

ALTHOUGH CLAIMS 10-12 ARE DIRECTED TO A METHOD OF TREATMENT OF THE HUMAN/ 

ANIMAL BODY THE SEARCH HAS BEEN CARRIED OUT AND BASED ON THE ALLEGED EFFECT 
S OF THE COMPOSITION. 

2. Q aaims Nos.: 

because they relate to paru of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out. xpcdncally: 



3. Claims Kosj 

because they are dependent daims and are not drafted in accordance with the second and third sentences of Rule 6^(a)L 



Box II Ohservations where imity of mventloo is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple hiventions tn this inlemaiional application, as follows: 



• I I As an required additional search fees were timely paid by the applicant, this international search report covers all 
searchable daims; 

^ I I ^ sewchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee^ 



3. I I Ar only some of the required additional search fees were timely paid by the applicant, this international search report 
coven only those claims for which fiees were paid, specifically daims Nos^ 



4. No required additional search fees were timeiy paid by the appEcant Consequently, this intemadonal search report is 
restricted to the invention first mentioned In the claimr, it is covered by daims Nos^ 



Remsrk en Protest [ [ The additional search fees were accompanied by the applicant's protest 

I I No protest accompanied the payment of additional search fees. 



Form PCT/I5A/310 (contmuatioo of first sheet (1)) (July 1993) 



ON INTEENATTONAL PATENT APPLICATION NO, FJ 68161 



Xl&«xiiffSstittepatenrftmiayii«nbenrrda^ the »bovMiiatfio«d trfmdonri mtA teiwct. 

TV* mendKxsiivtf contained 111 t&e European Patc&tO^^ , 

l^B^wiPmttotOffiwfcinnowaylWiteforttopw^^ 12/03/93 



Pitait doasoair 
dted fax Ecatciirnfoit 


PaUicatiui 




PobllcalioB 


WO-A-9117749 


28-11-91 


AU-A- 
EP-A- 


7963691 
0528975 


10-12-91 
03-03-93 


DE-A-333i45-3 


01-03-84 


None 






EP-A-0355604- 


28-02-90 


JP-A- 
US-A- 
US-A- 


2138211 
5004756 
5182267 


28-05-90 
02-04-91 
26-01-93 



FR-A-2502951 



08-10-82 



CH-A- 

CH-A- 

AU-A- 

AU-B- 

AU-A- 

BE-A- 

CA-A- 

DE-A- 

FR-A- 

GB-A,B 

GB-A.B 

JP-A- 

NL-A- 

SE-A- 



653256 

647149 
6508486 

564570 
8233482 

892709 
1192496 
3212053 
2572933 
2098865 
2148711 
57181007 
8201413 
8202172 



31-12-85 

15- 01-85 
12-03-87 

20- 08-87 
14-10-82 
30-09-82 
27-08-85 

21- 10-82 

16- 05-86 
01-12-82 
05-06-85 
08-11-82 
01-11-82 
07-10-82 



WO-A-9006105 



14-06-90 



FR-A- 2640137 



15-06-90 



I 
i 



U Far Bom^ktt&ff about t&B annex :see 0£BdaI Jounud of tbeCoropcaa Pvtmi Office^ No. IZ/SZ 



